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ABSTRACT
In 1993 and 1994, Black Skimmer breeding biology was studied a t 
the Hampton Roads Bridge-Tunnel, Hampton, Virginia. This is a  m an- 
m ade island th a t is located a t the m outh of the Jam es River where it 
em pties into the Chesapeake Bay. In 1993, 350 skim m er nests were 
m arked and monitored to determine hatching success and the factors 
influencing it. Ninety-four percent of the nests were located on stone 
substra te  (dimensions 5mm-50mm). Only 23% of the eggs hatched; 14% 
were dented and 20% were broken. Dented eggs generally failed to hatch. 
Later in the breeding season, 14 renests were located in a  small sand area. 
In contrast to the stone nests, these sand nests had no dented eggs, only 
5.5% broken and 64% hatched. These results suggested th a t stone 
substra te  may adversely affect hatching success. In 1994, I 
experimentally m anipulated substra tes to test adult preferences and to 
compare hatching rates between sand, stone and control (unaltered area) 
plots. Significantly more nests (pc.OOOl) were found in sand plots than  
either the stone or control plots. Fewer than  1% of the eggs were dented 
in the sand whereas 66.6% and 35% were dented in the stone and control 
plots, respectively. There were significantly more nests (p<.0001) located 
a t the edge (lm  perim eter around plot) of the sand plots as opposed to the 
center of the plots. These resu lts indicate th a t skim m ers a t th is site prefer 
to nest in sand  and th a t hatching success is also greater in the sand 
substra te . M anagem ent recom mendations included m aintaining the sand 
plots and providing additional sand strips to improve hatching success of 
skim m ers a t this site.
x
EFFECTS OF SUBSTRATE ON HATCHING SUCCESS IN 
BLACK SKIMMERS, Rynchops niger,
AT THE HAMPTON ROADS BRIDGE-TUNNEL, 
HAMPTON, VIRGINIA
INTRODUCTION
The Black Skimmer, Rynchops niger, is a  colonial species th a t 
generally forms mixed-species breeding colonies with Common Terns, 
Sterna hirundo, and Gull-billed Terns, Sterna nilotica (Erwin 1977, 1979). 
Four-egg clutches are m ost common b u t the average clutch size in Virginia 
is 3.6 eggs/nest (Erwin 1977). Fish dominate the diet (Erwin 1977) which 
are procured by skimming the w ater's surface with its lower mandible. 
The s ta tu s  of the Black Skimmer varies from Endangered in New Jersey, 
to Threatened in New York, to Special Concern in North Carolina and 
Florida (Gochfeld and Burger 1994). Although Black Skim m ers are not 
officially ranked as a  Species of Concern in Virginia, the population has 
declined from 9500 birds in 1981 (Williams, et al. 1990) to 1746 in 1994 
(Williams, et al. 1995). The mid-Atlantic coast population of skim m ers 
h as traditionally nested on barrier island beaches (Bailey 1913, Bent 1921, 
A ustin 1929, Stone 1937, Erwin and Korschen 1979, Spendelow and Patton 
1988). In some areas, hum an  encroachm ent into th is hab ita t has forced 
Black Skimmers ,as well as other seabirds, to find alternative and possibly 
suboptim al nesting sites (Buckley and Buckley 1975, Burger 1977, Burger 
and Lesser 1977, Erwin 1980, Sm ith 1982). Changing hab ita ts  often 
m eans adjusting to different ecological conditions including predation
2
3pressures (Buckley and Buckley 1972, Burger and Lesser 1978, Burger 
1979) different substra te  types (McNicholl 1975, Southern 1977) and 
competition for nest sites (Crowell and Crowell 1946, Nisbet 1971, 1973, 
Burger and Shisler 1978, Erwin 1980). All these factors may affect the 
individual fitness and productivity of the colonizing species (Erwin et al. 
1981, Sm ith 1982).
Examples of hum an  encroachm ent into traditional beach hab ita t are 
found in New Jersey, North Carolina and Florida. In New Jersey, where 
75% of the oceanfront is open to unrestricted recreation, skim m ers as well 
as other colonial nesters have shifted to salt m arsh  islands and dredge 
deposition sites (Erwin 1980). In North Carolina, where coastal 
development is also prevalent, skim mers and several species of terns have 
utilized dredge deposition sites (Soots and Parnell 1975a, 1975b, Everhart 
et al. 1980). Everhart (et al. 1980) found 55.1% of skim m er colonies in 
North Carolina on dredged m aterial islands. These dredge m aterial colonies 
accounted for 66 .7% of the skim m er nests (Everhart et al. 1980). In Florida, 
skim m ers as well as Least Terns (Sterna antillarurri) have nested on gravel 
rooftops (Greene and Kale 1976, Fisk 1978, Gore 1987, Gochfeld and 
Burger 1994).
In addition to loss of habitat, other factors contributing to low 
reproductive success include predation as well as tidal and storm  flooding. 
Predators on barrier islands include m am m alian species such  as raccoons 
(Procyon lotor) and foxes (Vulpes fulva) and avian species such  as Ruddy
4T urnstones [Arenaria interpres) and Herring Gulls (L am s argentatus) 
(Burger and Gochfeld 1990, O'Connell 1992, Gochfeld and Burger 1994). 
The Herring Gull's rapid population increases and southwestward 
expansion of its breeding range have apparently had a  significant effect on 
the hab ita t use of other seabird species (Druiy, 1973, 1974, Nisbet, 1971, 
1973, Erwin 1980). In New Jersey, Burger (1982) found Herring Gulls to 
be the prim ary predator on skim m er eggs and, in Virginia, O'Connell (1992) 
estim ated th a t 29% of the eggs produced were lost due to gull predation. 
Frequently, Herring Gulls nest on the same island and in close proximity 
to te rns and skim m ers (Burger 1982, Burger and Gochfeld 1990, O'Connell 
1992). Not only do gulls pose a  predation th rea t b u t they also compete 
with terns and skim m ers for nesting sites. Gulls often arrive a t the 
breeding grounds earlier th an  terns and skim m ers and u su rp  the higher 
nesting areas (Erwin 1980, Burger 1982). Terns and skim m ers forced to 
n es t a t lower elevations are more susceptible to nest destruction from tidal 
and  storm  flooding (Burger 1982). As a  resu lt of gull predation and 
competition, terns and skim m ers may completely abandon a  colony site 
(Crowell and Crowell 1946, Erwin 1980, Burger 1982).
The Hampton Roads Bridge-Tunnel in Hampton, Virginia, is a  unique 
m anm ade colony site. (1) The elevation of the island protects it from the 
detrim ental effects of tidal and storm  flooding, (2) it is devoid of gull 
predation, and (3) it has an  u n u su a l substra te  composition. The skim m er's 
nesting substra te  a t the Hampton Roads Bridge-Tunnel consists of #57
5riverbed stone (stone ranges from approximately 5 mm to 50 mm) which is; 
considerably larger th an  rooftop gravel and considerably harder th an  sand 
or the w rack m aterial used on beaches and in natu ra l habitats.
During 1990 and 1991, substra te  m anipulations were conducted a t 
the Ham pton Roads Bridge-Tunnel to determine the nesting preferences of 
Common Terns and Black Skimmers (Keller 1992). The experim ental area 
consisted of seven plots with different vegetational treatm ents. In both 
years, more skim m er nests were found in the area where vegetation was 
cleared. Keller (1992) concluded th a t the skim m er's preferred m icrohabitat 
w as sandy or rocky substra te  with no vegetation. In both years Keller 
found very low hatching success rates for the skimmer, 9% in 1990 and 
20% in 1991. Keller's information was based on a  small num ber of nests, 
27 in 1990 and 31 in 1991. Thus, no conclusions could be made 
concerning the reproductive s ta tu s  of this Black Skimmer colony.
Because skim m ers are moving to alternative sites and will probably
v
continue to do so as coastal development increases, it is essential to gather 
reproductive information a t these alternative sites to compare success rates 
with those in the more traditional beach-nesting habitats. One advantage 
of the Hampton Roads Bridge-Tunnel is th a t once the factors influencing 
reproductive success are determined, the hab ita t can be readily 
m anipulated with the assistance of the bridge-tunnel authorities in an  
attem pt to improve nesting success.
The objectives of this study were: (1) To determine hatching success
6and the factors influencing hatching success of the Black Skimmer a t the 
Ham pton Roads Bridge-Tunnel during the 1993 and 1994 breeding 
seasons; (2) To design and implement experimental substra te  
m anipulations based on the information gathered during the 1993 breeding 
season; (3) To monitor skim m er nests in 1994 after m anipulations to 
determ ine if adults were selecting a  particular substra te  type and to 
determ ine if there was a  difference in reproductive success am ong the 
substra tes; (4) To make long-term m anagem ent recom m endations for 
improving the nesting success of Black Skimmers on this m an-m ade site.
STUDY SITE AND METHODS
Study site. The Hampton Roads Bridge-Tunnel in Hampton, Virginia, 
p a rt of the in terstate highway system, spans the m outh of the Jam es River 
where it empties into the Chesapeake Bay (Figure 1). The study site is 
located on the south  island of the Hampton Roads Bridge-Tunnel (Lat. 36° 
55'N, Long. 76° 30'W). Completed in 1972, this m an-m ade island is 460 
m  long and 215 m wide. The island consists of a  large rock base and a 
dredge spoil sand layer covered by 15-25 cm of #57 riverbed stone (stone 
ranges from approximately 5 mm to 50 mm in length) (Keller 1992). In 
some areas, topsoil or sand has been placed on top of the riverbed stone. 
A m oderate to dense cover of grasses and other herbaceous p lants 
predom inate the island (R.A. Beck and D.M.E. Ware, unpub . data). Where 
the surface substra te  is predom inantly #57 riverbed stone, the vegetation 
is sparse to very sparse. Every year after the breeding season (usually early 
October), the island is mowed in an  attem pt to control vegetational growth. 
Operated by The Virginia D epartm ent of Transportation (VDOT), the south  
island serves as a  m aintenance base for the tunnel system. W reckers and 
personnel are stationed on the island to respond to disabled vehicles and 
accidents. The island also has a  paved m aintenance road around its 
perimeter.
7
8FIGURE 1: Map of Southeastern Virginia, showing the study site on the 
South Island of the Hampton Roads Bridge-Tunnel, 
Hampton, Virginia.
Williamsburg
Chesapeake Bay 
Bridge-Tunnel
Norfolk
Virginia Beach
FIGURE 1: Map of Southeastern Virginia, showing the study site on the South Island of the 
Hampton Roads Bridge-Tunnel, Hampton, Virginia.
9Colony Phenology. Since 1980 Ruth Beck, an  ornithologist a t the 
College of William and Mary, has been monitoring this colony of terns and 
skim mers. In 1978 Common Terns, Sterna hirundo, first nested on the 
island and by 1980, there were 300 pairs; a t present, there are 
approximately 3100 pairs of Common Terns nesting on the island. This is 
in fact the largest Common Tern colony in the S tate of Virginia (Beck 1987).
Black skim m ers, Rynchops niger, first nested on the island in 1983 
(Beck 1986), and in 1993 and 1994, there were approximately 200 pairs. 
Generally the skim m ers arrive a t the island from mid-April to early May, 
and in the early stages of the breeding cycle, they gather in large flocks in 
the open areas of the island. A few weeks after arriving, the birds break  up  
into subcolonies of various sizes and spread out to different parts of the 
island.
Procedure 1993. All suitable nesting hab ita t on the island was posted 
with signs indicating th a t these areas were off limits to hum an  in truders 
and their pets. During the first week of Ju n e  the annual peak nest count 
was conducted as it has been annually since 1985. This procedure 
consisted of counting and recording the num ber and sta tu s  (num ber of 
eggs and chicks) of all tern  and skimmer nests on the entire island. Also 
during the peak nest count we m arked off 34 of the nesting areas in 10 m 
wide strips th a t spanned from the m aintenance road to the in terstate wall 
or m aintenance building (Figure 2). Each strip was m arked w ith a 
num bered white utility flag a t the edge of the m aintenance road. Three
10
FIGURE 2: Map of the South Island of the Hampton Roads Bridge- 
Tunnel showing the numbered nesting areas.
I
N
T
E
R
S
T
A
T
E
 
64
 
W
E
S
T
H 3AIN sawvr
FI
GU
RE
 
2: 
M
ap
 
of 
the
 
So
ut
h 
Isl
an
d 
of 
the
 
H
am
pt
on
 
Ro
ad
s 
B
rid
ge
-T
un
ne
l 
sh
ow
in
g 
th
e 
nu
m
be
re
d 
ne
sti
ng
 
ar
ea
s.
11
areas outside the m aintenance loop were also marked, b u t these areas were 
of differing sizes (area #12 and #39). Areas 9, 10 and 11 located inside the 
m aintenance loop were also wider th an  10 m. These areas had  low nesting 
potential due to dense ground cover and frequent hum an disturbance.
The nests were m arked in early Ju n e  with num bered white utility 
flags th a t were placed approximately 45 cm to the right of the center of the 
nest. I collected the following data  on each nest: num ber of eggs; condition 
of eggs (broken, dented, pecked, predated, cracked etc.); num ber of chicks; 
condition of chicks (dead, wet, weak etc.); and notes on nest condition. The 
nests  were monitored eveiy three days throughout the breeding season. 
Care was taken  to minimize the im pact of my visits on the colony by 
m onitoring the nests during the cooler hours of the m orning or evening and 
by limiting the time I actually spent in the colony. During w eather 
conditions such  as rain or very cool weather, colony visits were postponed 
until the next day. Adult counts were conducted after the nest checks and 
were recorded by area num ber. Using binoculars, I counted the num ber of 
adu lts from a  vehicle as the birds are habituated to the presence of cars. 
I m arked new skim mer nests and renests throughout the breeding season 
and the sam e information was collected on these nests. Later in the season 
w hen several renests appeared in area  12 these nests were m apped out 
instead  of m arking them  with utility flags. The sam e inform ation was 
collected on these nests b u t th is area was only visited every six days. 
Occasionally colony observations were made between the nest monitoring
12
days, and these extra observations occurred between 08:00 and 24:00 
hours. During late Ju ly  and August I conducted fledgling counts and these 
were also recorded according to area num ber. Adults and fledglings in the 
road were recorded as being in the road b u t near a  specified area num ber 
(only area num bers within the m aintenance loop were used). The num ber 
of dead terns and skim m ers found in the road were also recorded according 
to the adjacent area num ber.
Procedure 1994. Based on 1993 observations, experimental substrate 
m anipulations were planned and implemented with the cooperation and 
agreem ent of VDOT. Five experimental areas were established within the 
available nesting hab ita t on the island. Five experimental areas were 
sufficient for statistical testing yet still provided ample undisturbed nesting 
hab ita t for the 3100 pairs of Common Terns. Within each experimental 
area  there were three 10 m X 10 m plots adjacent to each other. Each 
experimental area consisted of a  sand, stone and control plot (area left 
undisturbed) (Figure 3). The arrangem ent of these three plots was 
determ ined by a  random  block method. All plots were m easured out and 
m arked with orange utility flags. Each plot was m arked with adequate 
inform ation to com m unicate to the backhoe operator which plots to 
excavate. The sand and stone plots were excavated approximately 15-20 
cm. The original substra te  was piled up near the plot and later removed in 
dum p trucks. Once the sand and stone plots were excavated, weed guard 
(black fabric) was rolled out in overlapping sheets until the entire plot was
13
FIGURE 3: Map of the Experimental Area locations and the plot 
arrangements at the Hampton Roads Bridge-Tunnel.
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covered. The purpose for using the weed guard was to control vegetational 
growth in the plots. After the weed guard was in place the plot w as back­
filled with the appropriate substra te  of sand or stone. Each excavated plot 
was leveled to the approximate height of the surrounding area. We p u t 
wooden stakes a t the plot corners and string was strung  between the stakes 
to m ark  the perim eter of each plot.
I m ade frequent visits to the island to record the arrival date of the 
skim m ers. During th is time I recorded the num ber of adults in each plot 
as well as the num ber of adults in other areas. However, the nesting areas 
were not entered a t th is early stage. Avoiding the nesting areas allowed 
unim peded territory establishm ent and prevented the birds from 
abandoning the plots. After nest sites were established I m arked the nests 
w ith num bered white utility flags as in 1993, and I monitored the nests 
every three days. The same nest information was collected as in 1993, b u t 
only the nests w ithin the plots were marked. The first nests were m arked 
on May 13th and any renests were also m arked and monitored. I also 
collected information on the nests outside of the plots. This inform ation 
included clutch size, egg condition, the num ber of chicks, condition of 
chicks, and the substra te  type. I monitored these nests on the sam e days 
as the plot nests b u t only after the plot information was collected. These 
nests were not checked when rain was em inent or because of rising 
tem peratures. Prior to monitoring the nests, I recorded adult counts and 
later chick counts for each plot and for additional nesting areas (using the
15
sam e area  num bers as in 1993). If the birds were in the road I recorded 
the observation according to the adjacent area num ber. I also made 
fledgling counts by the sam e procedure. All the above counts were m ade 
from a  vehicle using binoculars. The num ber of dead terns and skim m ers 
found on the m aintenance road were recorded as in 1993. Observations 
continued until all birds left the island in August. Once the birds were 
gone, I m apped out all nests within the plots using the center of the scrape 
as a  reference point. If the scrape was no longer visible then  the center was 
estim ated to be 45 cm to the left of the flag. I considered nests within 1 m 
of the perim eter as edge nests, the rest as center nests. This procedure 
was used to compare patterns of nest placem ent w ithin the plots and to 
com pare hatching success between locations.
As in 1993, the annual peak nest count was conducted in early Ju n e  
and the num bers were recorded by the sam e area num bers as were used 
in 1993.
D ata Analysis
I used the following m easures of reproductive success, adapted from 
Burger and Gochfeld (1990): (1) hatching percent = num ber of eggs hatched 
/to ta l num ber of eggs (per nest, per plot or per year), (2) num ber of 
successful nests=num ber of nests th a t had a t least one egg hatch, (3) 
colony productivity = num ber of fledglings/num ber of nests initiated, (4) the 
percentage of eggs th a t produced fledglings = num ber of fledglings/num ber 
of eggs, and, (5) the fledgling rate = percent of hatched young th a t fledge.
16
In addition, I determined the percent of dented eggs = num ber of dented 
eggs/to tal num ber of eggs (per nest, per plot and per year) the percent of 
broken eggs = num ber of broken eggs/total num ber of eggs (per nest, per 
plot and per year) and the percent unknown (missing eggs) = num ber of 
unknow n eggs/total num ber of eggs (per nest, per plot and per year).
All d a ta  were entered into DBASE 4.0.2 and statistical analysis was 
done using SPSS (Norusis 1990). Descriptive statistics were used as well 
as Contingency tables, the Chi Square Goodness of Fit Test, and the 
Spearm an Rank Test (Sokal and Rohlf 1981).
RESULTS
1993. The results from the peak nest count conducted on 6 /2 /9 3  
and 6 /4 /9 3  are in Table 1.
Nests were found in 24 of the 39 nesting areas and the num ber of 
nests ranged from 1 to 39 (Table 2). Area 12 had the highest num ber of 
nests b u t th is was also the largest nesting area (Figure 2). Of the nesting 
areas within the perim eter of the m aintenance road, area  21 had  the 
highest num ber of nests (Table 2). Area 39 had the highest hatching 
percent (54%) followed by area 14 with a  40% hatching rate and area  12 
with a  38% hatching rate (Table 2). In areas 5, 11, 35 and 37 no eggs 
hatched. No correlation was found between nesting density and hatching 
success (Spearman=0.02791, p=.90700). At least one nest in area  11 and 
one nest in area  12 were destroyed by vehicles. During the breeding season 
I found 350 nests and a total of 853 eggs (Table 3). The m ean clutch size 
for the entire season was 2.44 eggs/nest. From the nest checks, I found 
14% of the eggs dented, 20% broken, 42% unknow n (eggs missing), and 
23% hatched (Table 3). Dented eggs did not hatch . I found 94% of the 
nests in sparsely vegetated areas with #57 riverbed stone substra te . This 
particu lar type of hab itat made up about 10% of the nesting areas on the 
island. Sparsely vegetated sand hab ita t was less th an  1% of the nesting
17
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TABLE 1: Peak nest count data for Black Skimmers at the Hampton 
Roads Bridge-Tunnel for 1993 and 1994.
TABLE 1: Peak nest count data for Black Skimmers at the Hampton 
Roads Bridge-Tunnel for 1993 and 1994.
6 /2 /9 3  & 
6 /4 /9 3
6 /1 1 /9 4
No. of adults 398 400
No. of 1 egg nests 32 15
No. of 2 egg nests 60 57
No. of 3 egg nests 68 106
No. of 4 egg nests 39 21
Total no. of nests 199 200
No. of chicks alive 5 151
No. of dead chicks 1 27
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TABLE 2: Black Skimmer nesting results per area number in 1993.
TABLE 2: Black Skimmer nesting results per area number in 1993. 
Percentages are in parentheses.
Area no. Area (m2)a No. nests Densityb No. eggs No. hatched
5 2 4 0 (0%)
6 135.15 11 .08 31 6 (19%)
7 90.00 29 .32 75 15 (20%)
8 66.30 28 .42 74 20 (27%)
11 2 3 0 (0%)
12 110.86 ' 39 .35 89 34 (38%)
13 29.16 8 .27 24 5 (21%)
14 99.00 34 .34 89 36 (40%)
15 92.88 23 .25 55 16 (29%)
16 65.25 5 .08 15 2 (13%)
17 176.58 33 .19 76 12 (16%)
18 72.00 14 .19 30 5 (17%)
19 153.09 26 .17 62 14 (23%)
20 1 3 1 (33%)
21 171.33 36 .21 87 16 (18%)
22 116.64 15 .13 36 8 (22%)
27 29.16 4 .14 12 2 (17%)
30 1 3 3 (100%)
32 29.16 6 .21 15 2 (13%)
35 8.10 4 .49 6 0 (0%)
36 8.10 7 .86 12 2 (17%)
37 12.76 4 .31 8 0 (0%)
38 51.84 12 .23 31 3 (10%)
39 38.88 13 .15 13 7 (54%)
Totals 350 853 199 (23%)
aEstimated area (m2).
bNo. of nests per m2, not calculated for areas with less than four nests.
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TABLE 3: Nest monitoring results for Black Skimmers, 1993 and 1994.
TABLE 3: Nest monitoring results for Black Skimmers, 1993 and 1994. 
Percentages are in parentheses.
1993 1994
No. adults a t peak
nest count 398 400
No. n estsa 350 261
No. eggsa 853 752
Mean clutch size
(no. eggs/no. nests)3 2.44 2.88
No. dented 119 (14%) 44 (6%)
No. broken 171 (20%) 91 (12%)
No. hatched 199 (23%) 343 (46%)
No. unknow n 358 (42%) 273 (36%)
No. abandoned 4 (<1%) 0
No. addled 2 (<1%) 2 (<1%)
No. fledglingsb 30 103
aRepresents both initial nests and renests. 
bHigh count on any one day.
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areas with the rem aining hab itat consisting of mostly vegetated areas. 
Birds renested throughout the breeding season with the last new nests 
found on 7 /3 1 /9 3 . Between 6 /1 2 /9 3  and 7 /3 1 /9 3 , 14 nests were found 
in a  small sand  area in area 12. No dented eggs were found in the sand 
and 64% of the eggs hatched, as compared to 23% hatching for the entire 
island. Broken eggs constituted 5.5% of the total and the fate of 30.5% of 
the eggs was unknown.
A high count of 364 adults occurred in early May, b u t a t th is time 
skim m ers are still migrating. The average num ber of adults for the season 
w as 223. I observed a  high count of 30 fledglings and 16 fledglings were 
killed by vehicular traffic on the m aintenance road.
O ther estim ates of reproductive success included the following: 
colony productivity = 0.09, the num ber of eggs th a t produced fledglings = 
0.04 and the fledging rate =15%.
I observed adult ra ts  (Rattus norvegicus) on the island on several 
occasions and there was evidence of ra t predation on skim m er eggs in 
nests. Rat-predated eggs were also found a t the edge of the m aintenance 
road. One ra t was also seen eating a  dead tern  carcass in the m aintenance 
road.
1994 . Skimmers were first observed on 4 /1 4 /9 4 . Two weeks later, 
they gathered in large flocks on the sand and stone plots. I counted larger 
num bers of birds in the sand plots th an  in the stone plots and the largest 
aggregations were seen in plots 3 and 4 (Figure 3). I entered the colony on
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5 /1 2 /9 4  to check for nests and found nine nests in the sand plots and five 
nests in the disturbed areas behind the plots where the excavated m aterial 
(mixture of dredge spoil sand, #57 stone and vegetation) had  been 
temporarily stored. Five nests were also found beside plot 1 in #57 
stone/vegetation mix. A total of 124 scrapes were observed in the sand 
plots. Nests were first m arked on 5 /1 3 /9 4  with the m ost nests found in 
plot 4A (sand).
The resu lts from the peak nest count on 6 /11  /9 4  are in Table 1.
The experimental plot da ta  (Table 4) indicates th a t the num ber of 
nests in the sand plots ranged from 11 to 40 nests. Three renests were in 
plot 2A (sand) and one renest was in sand plot 5A (sand). The num ber of 
eggs in the sand plots ranged from 34 to 133. I found one dented egg in 
sand plot 1, b u t th is nest was located a t the front edge of the plot a t the 
sand and #57 stone interface (original substrate). As a  resu lt several 
stones ended up in the nest scrape and one egg becam e dented. Twenty 
eight eggs (8%) were broken (3% breakage by predators, 5% unknown), 100 
(28%) of the eggs had unknow n fates and there were 98 successful nests 
(nest where > 1 egg hatched). The num ber of eggs hatching per plot ranged 
from 17 to 88 for a  total of 230 hatched eggs. The hatching percent for 
sand plots 1-5 was 66%, 57%, 50%, 68% and 63%, respectively, with an 
average hatching percent of 64%. Plots 2, 3 and 5 had  nests outside the 
10m X 10m boundary th a t were in overflow sand. These nests were 
included in the Type 1 nest totals discussed later. If these nests had  been
23
TABLE 4: Results from the 1994 experimental treatm ents using sand, 
stone and control (vegetated plots) plots (5 replicates).
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included in the plot totals, the hatching percent for plots 2 and 3 would 
increase to 60% and 62% respectively. However, the hatching percent for 
plot 5 would decrease from 63% to 62%.
Only two nests appeared in the stone plots and only one egg hatched 
(16.7%), and 66.6% of the eggs were dented (Table 4). The nest in plot IB 
had 4 dented eggs and the adults incubated from 5 /1 6 /9 3  to 7 /0 5 /9 3  b u t 
none of these eggs hatched. One egg hatched from the nest in plot 2B, and 
the other egg was broken (16.7%). Although few nests were in the stone 
plots, both skim m ers and terns aggregated in th is open area. As a  resu lt 
fewer birds gathered in the road in 1994 than  in 1993. Later I observed 
both  tern  and skim m er fledglings standing in the stone plots and being fed 
by adults.
The control plots varied with respect to substra te  and vegetational 
composition. Plot 1C was a  #57 stone/vegetation mix where the birds had 
nested in the previous year. This plot contained the highest num ber of 
nests of all the control plots. Plot 2C was entirely vegetated with grasses 
and I found no nests here. Plot 3C was mostly vegetated with about a  
quarter of the plot open (#57 stone), b u t again I found no nests here. Plot 
4C contained one nest in a  topsoil/#57 stone mix. I found three nests in 
plot 5C and all of these were in white sand. This is the sandy area where 
several skim m ers successfully renested in 1993, although by 1994 the area 
was mostly vegetated. Thus, there were a  total of 13 nests in the control 
areas, 14 eggs were dented (35%), one egg was broken and 11 eggs had
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unknow n fates (28%). Thirty eight percent of the eggs hatched and eight 
n ests  were successful.
A significantly greater num ber of nests were found in the sand  plots 
th an  in either the stone or control plots (x2= 188.84, df=2, p<.0001). 
The nests outside the plots were also monitored and these were divided into 
2 categories: Type 1 consisted of nests on all sand substra te  to nests on 
substra te  th a t consisted of mostly sand with a  m ixture of a  few stones ; 
while Type 2 nests were on substra tes th a t consisted of mostly stone to 
n ests  on all stone substrate. Type 1 substra te  covered approximately 335 
m 2 while Type 2 substra te  covered approximately 3500 m 2. Seventy one 
Type 1 nests were found throughout the breeding season and these nests 
resulted in a  39% hatching rate and no dented eggs (Table 5). Throughout 
the season, fifty-five Type 2 nests were found resulting in a  12% hatching 
rate and 18% of the eggs dented. Significant differences were found between 
Type 1 and Type 2 nests for the num ber of eggs th a t hatched (%2=40.918, 
df=l, pc.0001). Eight percent of the eggs from Type 1 nests were broken 
(6% breakage by predators, 2% unknown) w hereas 31% of the eggs from 
Type 2 n ests  were broken (21% due to predation, 10% 
unknown)(x2= 10.246, df=l, p=.001). Of the 126 nests outside of the 
experim ental areas, 75% were located in the vicinity of the experimental 
areas, with the m ost nests concentrated near experimental area  1.
The resu lts of the com parison of between edge verses center nests for 
the sand plots are in Table 6. Six flags were m issing so the total num ber
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TABLE 5: Results for the nests outside of the plots in 1994.
TABLE 5: Results for the nests outside of the plots in 1994. 
Percentages are in parentheses.
Nest Type l a Nest Type 2b
No. nests 71 55
No. eggs 204 141
No. dented 0 25 (18%)
No. broken 18 (8%)c 43 (31%)d
No. hatched 80 (39%) 17 (12%)
No. unknow n 106 (52%) 56 (40%)
aNests composed of sand or mostly sand with a few rocks. 
bNests composed of mostly #57 riverbed stone to all stone. 
c6% breakage by predator, 2% unknown. 
d21% breakage by predator, 10% unknown.
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TABLE 6: Comparison of nests at edge vs. center of sand plots.
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of sand nests m apped out was 114 instead of 120. The edge area was 
36 m2 vs. 64 m2 for the center area and these areas were used to determine 
the expected values for nest num bers in the chi square analysis. Four out 
of the five sand plots had more nests a t the edge th an  a t the center. 
Pooling the sand plot data, there was a  significant difference between the 
num ber of edge nests (66 or 58%) and the num ber of nests a t the center (48 
or 42%) (x 2= 2 3 .7 1 9 , df=l, pc.0001). The average clutch size for the edge 
nests was 3.03 (SD=0.380) and, for center nests, 2.82 (SD=0.442) was 
found (x2=2.64528, df=l, p=. 10386). A 2 x 2 contingency table 
com paring egg fate (hatched or failed) and nest location (edge/center) 
resulted in no significant differences (%2=1.13645, df=l, p=.28640).
Only two nests occurred in the stone plots b u t both of these were 
located a t the edge. In two of the three control plots (4C and 5C) where 
nests occurred, all the nests were a t the edge. In the other control plot (1C) 
3 nests occurred a t the edge with a  hatching rate of 11% and 6 occurred a t 
the center with a  hatching rate of 37%. Combining all plots, 58% of the 
nests were located a t the edge whereas 42% were located in the center.
A high count of 511 adults were seen on 5 /1 2 /9 4  with a  season 
average of 314. One hundred and three fledglings plus 10 large chicks 
close to fledging were seen on 7 /1 2 /9 4 . Eleven fledglings and two adults 
were killed by vehicular traffic on the island m aintenance road.
In 1994 the colony productivity =0.39, the num ber of eggs th a t 
produced fledglings =0.14 and the fledging rate =30%.
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Prior to the birds arrival m any ra t burrows were found and I again 
found evidence of ra t predation on skim mer eggs. During May and June , 
Ruddy Turnstones, Arenaria interpres, were seen on the island and I found 
skim m er eggs with small holes th a t are indicative of Ruddy Turnstone 
predation.
DISCUSSION
Adult Nesting Preferences. In 1993, 94% of the nests were found in 
the sparsely vegetated stone areas. This resu lt is consistent with the 
previous study at the Hampton Roads Bridge-Tunnel which found th a t 
skim m ers prefer nesting in areas with sandy or rocky substra te  with no 
vegetation (Keller 1992).
In 1994 when skim m ers were presented with equal-sized plots of 
sand  and stone with no vegetation or undisturbed areas (control), a  
significantly greater num ber of nests were found in the sand  plots (Table 
5). This resu lt is not surprising, as skimmers are reported to prefer open 
sandy substra te  (Bent 1921, Soots and Parnell 1975b, Erwin 1977, Parnell 
and  Soots 1980, Gochfeld and Burger 1994). Sand substra te  may be 
preferred because nesting scrapes are easier to construct in sand  th an  they 
are in stone. In 1993 and 1994, scrapes in the stone were less 
conspicuous and sometimes non-existent. Furtherm ore, adults and young 
crouch in fresh scrapes when heat stressed (Gochfeld and Burger 1994) 
and since scrapes are more easily constructed in sand, chick death  due to 
hea t s tress could be reduced when using th is substrate.
Clutch size. Average clutch sizes ranged from 3.2 to 3.4 in several 
Texas studies (DePue 1974, King et al. 1991, C uster Mitchell 1987). In
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South Carolina, Blus and Stafford (1980) found an  average clutch size of 
3.8, while in Virginia, Erwin (1977) reported an  average clutch size of 3.6 
with four egg clutches being m ost common. For New Jersey  m arsh  
colonies, Burger and Gochfeld (1990) reported an  average clutch size of 
2.90 with a  range of 2.0 to 4.0 eggs per nest. In th is study the average 
clutch size was 2.44 for 1993 and 2.88 for 1994. These values fall within 
the range reported by Burger and Gochfeld (1990) b u t are below the 
average clutch sizes reported in other studies. In this study, renests were 
included in the calculations of the average clutch size b u t the other studies 
do no t m ention if renests were included. This may explain the lower values 
due to the fact th a t second (or third) clutches are usually sm aller (White 
et al. 1984, Gochfeld and Burger 1994). The m ean clutch size calculations 
for the sand, stone and control plots (3.01, 3.00 and 3.08 respectively) 
contained few renests (4) and the resulting m eans are higher th an  the 
yearly averages. These m eans are nonetheless still lower th an  other 
studies. Smaller clutches may be the resu lt of low food resources, as 
Gochfeld (unpub. data) suggests th a t skim m er clutch size m ay vary 
depending on food availability.
Hatching success. Hatching success ranged from 0-54% (weighted 
mean=43%) in 14 salt m arsh  colonies located in New Jersey  (Burger and 
Gochfeld 1990). Several studies in Texas reported hatching success rates 
from 45-63% (DePue 1974, White et al. 1984, C uster and Mitchell 1987). 
Beach-nesting colonies in Virginia had hatching rates of 78.6% (Erwin
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1977) and 56% (Smith 1982) while m arsh-nesting colonies had a  lower rate 
of 37% (Smith 1982).
During 1993, only 23% of the skimmer eggs hatched a t the Hampton 
Roads Bridge-Tunnel. This rate is well below th a t reported in other 
studies. Although zero hatching rates were reported by Burger and 
Gochfeld (1990), these values were from colonies with 1-2 skim m er nests 
th a t were completely wiped out by predation. Removing these zero values 
would resu lt in a  hatching range of 29-54% (Burger and Gochfeld 1990) 
which is still above the 23% found a t the Hampton Roads Bridge-Tunnel. 
As previously mentioned, Keller (1992) also found low hatching ra tes a t the 
tunnel (9% in 1990 and 20% in 1991) b u t these were based on a  small 
num ber of nests.
In 1993, 14% of the eggs were dented, 20% were broken and 42% 
had unknow n fates. In contrast, 14 renests in a  small sand area had a  
hatching success of 64% with no dented eggs, only 5.5% broken and 30.5% 
unknown. The substan tia l increase in hatching success (from 23% to 64%) 
along with the elimination of denting suggested th a t substra te  type may 
have a  strong effect on reproductive success. Experim ental substra te  
m anipulations in 1994 substan tia ted  this hatching differential. Sixty four 
percent hatched in the sand whereas only 16.7% hatched in the stone and 
38% hatched in the control areas. Although only 2 nests occurred in the 
stone plots, nine nests were in control plot 1C which was a 
stone/vegetation mix where birds nested in 1993. All the dented eggs
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reported for the controls were found in this plot. In fact 50% (14/28) of the 
eggs in plot 1C were dented and only 29% (8/28) hatched. No dented eggs 
were found in the remaining control nests th a t were in sand  or a  
topsoil/stone mixture. Of all the dented eggs found in the plots (19 eggs), 
only one hatched. Therefore, th is type of egg damage decreases hatching 
success. Outside of the experimental areas, hatching success was also 
higher (39%) in Type 1 nests (mostly sand to all sand) th an  in Type 2 nests 
(12%) (mostly stone to all stone). From these results it is apparen t th a t the 
stone substra te  contributes to the low hatching rates a t the Ham pton 
Roads Bridge-Tunnel.
O ther factors th a t contribute to decreased hatching ra tes include 
exposure and predation. H um an disturbances th a t resu lt in adults fleeing 
the n est site for long periods of time can resu lt in egg death  due to 
exposure (Gochfeld and Burger 1994). Although the island is frequented 
by hum ans, m ost of the activity is vehicular and the birds have become 
habituated  to the presence of cars. Furtherm ore, the sand  plot th a t 
experienced the m ost hum an  disturbance (closest to the m ain m aintenance 
building) had a  hatching rate of 66% which was the second highest rate for 
the sand plots.
Dented eggs. Fourteen percent of the eggs were dented in  1993, b u t 
no dented eggs were found in sand  nests. In 1994, less th an  1% of the eggs 
were dented in the sand plots compared to 66.6% and 35% dented in the 
stone and control plots, respectively. Of the nests outside the plots, 18%
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of the eggs in the stone substra te  [Type 2 nests) were dented w hereas no 
dented eggs were found in the sand (Type 1 nests). The occurrence of 
dented eggs has not been reported for Black Skimmers although it has been 
docum ented in Common Tern eggs (Fox 1976). In Alberta, Canada, dented 
Common Tern eggs contained an  average of 7 m icrogram s/gram  (wet 
weight basis) ofp'p'-dichlorodiphenyldichloroethane (DDE) (organochlorine 
contam inant) (Fox 1976). The dented Common Tern eggs had significantly 
th inner shells th an  the shells of viable eggs (Fox 1976). In addition, the 
dented eggs had a  higher phosphorus content which may have contributed 
to the eggs' reduced thickness and strength (Brooks and Hale 1955, Fox 
1976). In South Carolina, Blus and Stafford (1980) found th a t skim m er 
eggs from unsuccessful nests contained higher residues of DDE th an  eggs 
from successful nests. In Texas, C uster and Mitchell (1987) reported sim ilar 
results. Blus and Stafford (1980) found 11 skim mer eggs th a t were 
cracked, crushed or broken within the nests and m ost of these eggs were 
thin-shelled. A 5.2% reduction in shell thickness was linked to the highest 
m ean residue of 1.94 m icrogram s/gram  (wet weight basis) of DDE, b u t it 
was concluded th a t shell thinning did not adversely affect overall 
reproduction (Blus and Stafford 1980). Several other studies found th a t 
DDE was not correlated with skim m er eggshell thickness (White et al. 1984, 
King and Krynitsky 1986, Custer and Mitchell 1987, King et al. 1991).
In th is study, the dents were found to conform to the stones directly 
below the eggs; th u s  I suspect th a t the birds are crushing their own eggs
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through incubation or from jum ping to flight from the incubating position. 
This problem could be specific to this colony of skim m ers or it could be 
widespread. In the studies m entioned above and elsewhere in Virginia, 
skim m ers generally nest on sand or on a  sand /she ll mixture. The eggshell 
thinning could be so slight th a t egg damage does not show up  in these 
substra tes, as is evident in the fact that, a t the tunnel, no dented eggs 
were seen in sand nests (without stones) either in 1993 or 1994. 
Furtherm ore, dented Common Tern eggs were also observed, th u s  the 
problem is not species-specific. This problem may not be as pronounced 
in the Common Tern due to the fact th a t they construct a  grassy nest 
which provides some cushion against the rocks. Skimmers on the other 
hand  nest directly on the stone substrate.
In the early 1970's, large quantities of kepone, an  organochlorine
r
pesticide, were discharged into the Jam es River (Bell et al. 1978, Clark 
1992). Huggett et al. (1980) found th a t several species of fish from the 
Jam es River were contam inated with kepone. Furtherm ore, a  laboratory 
study by Eroschenko and Place (1977) linked kepone to eggshell thinning 
and breakage in Japanese  Quail. In addition, O'Connor and Huggett 
(1988) reported th a t the Elizabeth River sedim ents had a  high 
concentration of poly cyclic arom atic hydorcarbon (PAH) contam inants. 
The Elizabeth River empties into the Jam es River very close to the Hampton 
Roads Bridge-Tunnel.
M easuring eggshell thickness and comparing the results with pre-
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DDT m useum  collections will help determine if eggshell thinning has 
occurred. Chemical analyses of the eggs may determ ine if any 
contam inants are linked to the egg damage.
Another option is th a t the denting resu lts from a  m echanical 
problem, ra ther than  from chemical contamination. The stone substra te  
surface is uneven and often the stones have sharp  edges. The weight of the 
birds on the eggs in th is type of substra te  may be more th an  even the 
norm al egg structu re  can w ithstand.
Broken eggs. This category includes eggs th a t were broken due to 
predation and eggs th a t were broken b u t the cause was undeterm ined. In 
1993, 20% of the eggs were broken but, of the 14 sand nests, only 5.5% 
were broken. In 1994, 8%, 16.7% and 2.5% of the eggs were broken in the 
sand, stone and control plots, respectively. Of the nests outside the plots, 
8% (6% breakage by predators, 2% unknown) of the eggs in Type 1 nests 
(sand) were broken w hereas 31% ( 21% breakage by predators, 10% 
unknown) were broken in Type 2 nests (stone).
Burger and Gochfeld (1990) reported 26% of skim m er eggs lost to 
predation in New Jersey  m arsh  colonies, while Erwin (1977) w itnessed no 
predation in Virginia. Another study in Texas found 1% predation on 
skim m er eggs (White et al. 1984). The only known predators a t the 
Ham pton Roads Bridge-Tunnel are Norway Rats and Ruddy Turnstones. 
In th is study, the incidence of broken eggs was higher in nests in the stone 
substra te . As with egg denting, the adults may be breaking the eggs on the
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hard  (and sometimes jagged) stone. White (et al. 1984) found 5% of 
skim m er eggs broken or crushed and they found a  greater proportion of 
these broken eggs in the colony th a t had extremely coarse substra te .
Egg fa te  unknown. The fate of 42% of the eggs was unknow n in 1993 
and a  total of 36% was unknow n in 1994. Other studies reported sim ilar 
num bers of missing eggs (33% White et al. 1984, 37% Sm ith 1982). It is 
possible th a t m any of these eggs were removed by rats, as Blus and 
Stafford (1980) found skim mer eggshells piled outside of ra t burrow s.
Other estim ates o f reproductive success. Estim ated colony 
productivity for 1993 was 0.09 compared to 0.39 in 1994. These ra tes of 
productivity are lower th an  those reported in New Jersey  (average=0.75, 
Burger and Gochfeld 1990), South Carolina ( average=1.2, Blus and 
Stafford 1980) and Texas (average=l.l, C uster and Mitchell 1987). 
However, colony productivity for 1994 is sim ilar to 0.40 reported by Erwin 
(1977) b u t less than  another Virginia study th a t found 0.71 for beach 
colonies and 0.58 for m arsh  colonies (Smith 1982). Colony productivity 
did, however, vary considerably within years and among years in both  
Burger and Gochfeld's (1990) study and in Sm ith’s (1982) study.
The num ber of eggs th a t produced fledglings increased from 0.04 in 
1993 to 0.14 in 1994. These figures are again lower th an  those found 
elsewhere in Virginia (0.21 for beach colonies, 0.18 for m arsh  colonies, 
Sm ith 1982).
The fledging rate in 1994 (30%) was double th a t found in 1993 (15%).
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Elsewhere in Virginia, Smith (1982) found fledging rates of 37% for beach 
colonies and 50% for m arsh  colonies.
Although all these estim ates of reproductive success are lower a t the 
Hampton Roads Bridge-Tunnel th an  those found elsewhere, there was a  
m arked increase in all m easures between 1993 and 1994. These increases 
can be attributed to the higher hatching success in 1994. Low food 
abundances may explain this low fledgling success as Erwin (1977) 
reported food as a  limiting factor in fledgling survival. Another 
contributing factor was the difficulty in obtaining accurate fledgling counts 
due to the height (>1 m  in some areas) and density of vegetation.
N est location. In the sand plots 58% of the nests were located a t the 
edge verses 42% in the center. Similar results were found for all p lots,58% 
of the nests were a t the edge whereas 42% were a t the center. Burger and 
Gochfeld (pers. comm.) also found th a t skim m ers tended to nest in edge 
areas. In this study, no significant differences were found between the 
hatching rates for the edge vs. center nests. The clutch sizes were smaller 
(though not statistically significant) for the center nests, suggesting th a t 
these may be the nests of younger birds (Nelson 1980, Gill 1990). Edge 
nests were closer to vegetational cover, which is advantageous during the 
chick phase. Often chicks were seen moving from the nest to the cover of 
edge vegetation.
Conclusions. The resu lts of th is study indicate th a t Black Skimmers 
prefer nesting in sand substra te  and th a t hatching success is also greater
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in the sand. Although the cause of denting and some of the egg breakage 
is possibly related to a  m echanical an d /o r  chemical problem, both  denting 
and breakage were reduced in the sand substrate. While chemical 
contam ination may be implicated, providing skim m ers with sand substra te  
can (at least for the immediate future) improve hatching success a t th is 
site. The d ata  also indicate th a t skim m ers prefer to nest a t the edge of 
exposed areas, ra ther than  nearer the center of the exposed substra te  
patches.
Future study. Suggestions for future research include m arking and 
m onitoring nests in the experimental areas for 2 more years, studying 
feeding ra tes and food availability to determine if food is a  limiting factor in 
productivity (i.e. smaller clutch sizes and low fledging rates). In addition, 
m easuring eggshell thickness and comparing the eggs to m useum  
collections (pre-1945, the pre-DDT period) would determine if a  decrease in 
th ickness has occurred. Furtherm ore chemical analyses of the eggs, 
tissues and feathers (heavy metals) from adults and fledglings (Burger and 
Gochfeld 1994) may indicate w hether any contam inants are causing the 
problem. Banding of young would also help determine colony recruitm ent, 
w hether movement is occurring between this colony and the barrier 
islands, and w hether th is is a  "sink" or a  "source" for the Virginia 
m etapopulation.
MANAGEMENT RECOMMENDATIONS
The following are m anagem ent recom m endations for improving the 
Ham pton Roads Bridge-Tunnel as a  nesting site for Black Skimmers as well 
as Common Terns:
(1) Remove vegetation from sand plots and add more sand.
(2) Establish ten  2-meter-wide sand strips a t various places on the 
island. This is recommended because it was determined th a t skim m ers 
preferred nesting a t the edge of the plots, th u s  providing sand  in 2-meter- 
wide strips may be more beneficial than  square plots. Furtherm ore, Ian 
Nisbet (pers. comm.) suggested th a t putting the sand out in parallel strips 
would also provide edge habitat in the areas between the sand  strips for 
Common Terns.
(3) Yearly installation of erosion cloth around the boundaries of the 
nesting areas on the island. The erosion cloth prevents chicks from 
w andering onto roads. This was suggested by Keller (1992) and was 
implem ented in 1994. As a  result of the boundary, Common Tern chicks 
killed in the road decreased from 126 to 25 from 1993 to 1994.
(4) Post 5 m ile /hour speed signs on island. Faster speeds do not 
allow enough time for chicks and fledglings to move out of the path  of the 
vehicle and as a  resu lt m any are killed.
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(5) Improve ra t eradication.
(6) Determine a  safe, efficient method for controlling vegetational 
succession. Terns abandon sites when vegetation becomes too dense (Soots 
and Parnell 1975b).
(7) Set up an  annual inform ation\ education sem inar for staff, 
contractors working on island, and the public a t large in the Hampton 
Roads area. The tunnel staff and contractors are the people th a t enter th is 
colony daily and if they are informed and educated about the im portance 
of these birds both the birds and the people can benefit.
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